A new reduction factor related to opening height has been adopted for shear wall design in the AIJ standard since 2010. This factor has not been verified experimentally, while it was presented theoretically. Moreover, the other reduction factor legally regulates shear wall design according to the MLIT (Japanese government) regulation. This paper reports laboratory tests to verify agreements between these reduction factors and experimental results. Three 1/6 scale shear wall specimens were tested with different opening configurations. Consequently, it was concluded that the AIJ reduction factor underestimated the strength drops due to openings but the MLIT reduction factor overestimated.
A new reduction factor related to opening height has been adopted for shear wall design in the AIJ standard since 2010 1) . This factor has not been verified experimentally, while it was presented theoretically. Moreover, the other reduction factor legally regulates shear wall design according to the MLIT (Japanese government) regulation 2) . This paper reports laboratory tests to verify agreements between these reduction factors and experimental results. 2. Design of multi-story shear wall specimens with/without aligned openings along height Three 1/6 scale shear wall specimens were designed and manufactured with different opening configurations: W0 with no opening, W1 with single-aligned openings, and W2 with double-aligned openings. Shear walls with aligned openings along height behave in a similar manner to coupled shear walls. Therefore, separated partial stubs were applied to the specimens instead of a typical massive stub which fully covers the top of specimens. Such specific behavior is theoretically considered in the AIJ reduction factor. Consequently, the reduction factors are 0.59 and 0.45 for W1 and W2, as shown in Table 3 . Figure 2 and Tables 1 and 4 summarize the structural details and seismic performance obtained through design calculations.
Experimental methods
The specimens were subjected to static cyclic lateral loads by two horizontal jacks connected to the separated stubs. Tension rods were provided between the stubs to prevent tensile failure at the stub-beam/wall boundaries. Axial loads were not applied to the specimens, while they were designed with additional longitudinal rebars in boundary columns so that realistic compressive forces would act on the cross-sections under lateral loads.
Experimental results and discussions on potential problems in the reduction factor by the AIJ standard
The W1 and W2 specimens with openings failed with concrete crushing at the wall bottom and shear failure of beams above openings, while W0 failed in shear, as shown in Figure 6 . The failure mechanisms of W1 and W2 were consistent with the assumption in the AIJ reduction factor. Figure 7 shows that the residual crack widths on the beams in W2 exceeded the limitation of 0.3 mm at allowable stress levels. Beams in this type of wall with aligned openings are subjected to larger deformations comparing to the overall drift, which should be considered in evaluating the reduction factor for allowable stress design. On the other hand, the maximum strengths of three specimens were 318 kN, 145 kN, and 93 kN for W0, W1, and W2, respectively, hence, the experimental reduction factors were 0.46 and 0.29 for W1 and W2, which were smaller than the AIJ reduction factors. These results were caused by premature failure of components of shear walls, which was verified through theoretical calculations based on two idealized models presented in Figure 9 . Preventing premature failure should be assured when the AIJ reduction factor is applied to the ultimate strength design.
Conclusions
This paper experimentally verified the reduction factors related to opening height by the AIJ standard and MLIT regulation. A series of laboratory tests was conducted with three scaled shear wall specimens with/without aligned openings along height. Consequently, it was concluded that the AIJ reduction factor underestimated the strength drops due to openings not only for the ultimate strength design but also for the allowable stress design while the MLIT reduction factor overestimated. 
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